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FERMI@Elettra seeded FEL
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FEL 1 from ~100 nm down to 20 nm - source distance (to spectrometer) 57.5 m
Divergence o(prad) = 1.25 A(nm) - Source dimension = 60 pum (sigma)

FEL 2 from 20 nm down to ~4 nhm - source distance (to spectrometer) 49.8 m
Divergence o(prad) = 1.5 A(nm) - Source dimension = 123 um (sigma)
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K-B active optic system - DiProl

Holder K-B mirrors

K-B system configuration

focus

End-stations need- high-flux:--great-demagnification
K-B system advantages

Decoupling vertical and horizontal beam components

Thick ellipsoidal mirrors with the great .
demagnification request are difficult to realize

K-B bendable system advantages

Focalization of the 2 sources at different distance
with the same couple of mirrors

Difficult realization of thick elliptical mirror with this
demanding demagnification

Improvement of the FEL beam wave-front 3



K-B active optic system - DIProl

Profile surface characterization with LLong Trace Profilometer
= | TP profile measurements 1mm step

= Best possible profile reached through the Adaptive Correction Tool software

= Measurements with Zygo-interferometer and-AEM = rms under-specifications
( <BA spatial range 2pum-=0.5mm)

= Proof of the system stability

K-B Vertical mirror - residual surface profile K-B-Horizontal mirror - residual surface profile

Long Trace Profile K-B Vertical Long Trace Profile K-B Honzontal




K-B active optic system - DIiProl

Ray tracing simulations with Shadow code

K-B vertical mirror at best focus
(+2mm to the nominal focus)

FWH Mray-tracing =18 pm

K-B horizontal mirror at best focus
(-2mm to the nominal focus)

FWHMray-tracing =10.5 Hm

commond: plotyy stor. 01 1 I NCLOSTe 1 NBINS= 100,.GMISST MTe2 CCOL=11
CAPROGRA T\ ¥op2. T\tmp\stior.01

command: plolry stor 01, 1 I NOLOST= 1 NBINS= 100 CAUSSFMT=2 CCOL=11

C\PROGRA T\x0p2, 1\tmp\stor,01

B0 - - B
. L ; noo b
poo - o B
: : oof
mi— E- R oy &
Foo - 3 o}
ot 9 i o
-1.5 -0 -08 ) 08 1.0 1.5 3640 38.1% .70
T T Y Y T T Y T amams’ AL P —p—
DO - ’ e .'. 400 - 4
| ? e = 400
- ’ . . 4 :
| pos (- . qoes
bos |- dooa INTERNAL LIMITS 1 . 1 NTERNAL LTS
| i > . ]
- =GO0D ONLY bool- . 'w gr 4 -=GO00 ONLY
NIDS - 22380,00 1 NG - 22317.00
Wr = 295000 1 o . ¥ = 25000
LOS! = 2620 1 LOST = 260)
DOS - 4 '{M
poo - Col Epe [ Tl ' ‘ Col o '
- L 5" t W By e, S T e olor ne v
! rl"onfol 1 g l sz"!nit L , e l;t'."‘ ';_’—"'.‘;’. ‘s er-zontol 1 ! sz'\s
w'lrccl 3 7 |uger unit] I Rl i e gy ot ’ verlleal: 3. 2 user unlt
+ 1 - . T g
HistoHorizFWHU:  0.901487 o ST abe A EEN L L AL ~qo0 HistoHorizFWHM:  0.904213
FAMorizFWHM: 0.915 ?86 [ LY L o } -'J \ ] FitHoriz FWHM: 0.9156868
HigtovertFwHM:  0.0017859 [ s L INIENT A ] WistovertiwhM: 0.000963668
FitveriFWHM: 0.00176167 L 4 FitvertPrwhM: 0.00105343
oo B R B BT SR PR T S eC  | s 1 1 1 1 L L Lo afdors V- T —
=3 ) =05 29 03 L i3 £ 300 1000 1300 2000 =19 «190 =03 o0 03 1.0 1.9 9 1 DOCROOGBOOOM OO0




Focal spot measurements - DIProl

Phosphorus screen and PMMA ablation

Second phase
x refine angle alignment
x  optimized mirror bending
best spot achieved on Phosphorus screen

= best spot achieved on Phosphorus -~ ' ; . .
screen FWHMazam=60x70 pm EWEM@?EEQ?%% Em seen with- PMMA ablation

First phase
= rough angle alignment
x optimized mirror bending

Suggestion - Shadow predictions would be a lower limit of the optical system performance 6



PSF WITH FRESNEL DIFFRAGTION

L. Raimondi, D. Spiga, SPIE Proc., 8147 (2010)

WAVE-FRONT |

» PSE computation from surface
metrology

® At any energy

®  Approximations:
= \Vork in scalar approximation

=  Computation using the meridional
profiles (1Dimension)

FOCAL PLANE

Work in grazing incidence



PSF WITH FRESNEL DIFFRAGTION

L. Raimondi, D. Spiga, SPIE Proc., 8147 (2010)

ELECTRIC FIELD ON THE FOCAL PLANE OBTAINED BY-THE
CONSTRUCTIVE INTERFERENCE BETWEEN-THESPHERICAL
WAVES GENERATED IN EACH POINTS OF THE MIRROR:

Wave-front

Kirchoff-Fresnel diffraction equation

A(,zkro

U(P)

In-order to: prevent:mirror-under-sampling:

>
o
H

O (Focus)



PSF WITH FRESNEL DIEFRAGTION

L. Raimondi, D. Spiga, SPIE Proc., 8147 (2011)

Two or more reflections

Double reflection

2° mirror 1° mirror




~ocal spot computation with
Fresnel diffraction: EEL. case

Focal plane
Plane mirror
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Focal spot simulations - DiProl

Focal spot K-B Vertical mirror at 32 nm

352 nm-wavelenght

n K-B vertical best focus -2 mm from
nominal-EVWHNMaonm=-5.8 pm

n  K-B horizontal best focus O mm from
nominal-EWHMazonm =44 um

30 -20 -10 0 10 20 30
Focal plane (um) —

Focal spot K-B Horizontal mirror at 32 nm

30 -20 -10 0 10 20 30 40
Focal plane (um)

Suggestion - the system limit in terms of the spot size should be lower than shadow predictions 11




Focal spot measurements at DiProl end-station

243180,00

Wave-front sensor measurements - Intensity
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= measuring of Intensity and - Wave-front-at 1m
out of nominal focus

= reconstruction of the spot in focal plane




Focal spot measurements - DiProl

Wave-front sensor measurements Fresnel diffraction simulations

nm

a 32

Fooal spot K-8 Vertical mirmor

I |
0.40 0.20 0.00

= FEL 1

«  wavelength - 32 nm x . Spot-size simulated with ray-tracing  FWHM = 10.5x18 pm
Spot-size simulated with Fresnel diffraction at the common best focus

= diffraction limit spot-size at 32 nm FWHM =4x5 pm i irom the nominal fooue) JPWEM = 5.2x7.7 um

= Best spot-size measured | FWHM = 5x8 pm
13



FUTURE WORK

x Characterization of the FEL wavefront by measuring the
electric field with the wavefront sensor:before K-B optics

x Put the measured electric field in the simulator - evaluation of
the performances of the optics (degradation/improvement of
the wavetront)

x |mplementation of the K-B system: new anti-twisting mounting
- plezo-electric actuators for mirror shape correction

14



CONCLUSIONS

We performed surface profile characterization of the K-B bendable system mounted
in the DiProl chamber with Long Trace Profilometer.

We extended the Fresnel diffraction method to FEL applications - non isotropic
sources - focal spot given the best measured profile at LTP - FWHM =4.4x7.7 pm

We provided several measurement campaigns of K-B system focalization in the
DiProi end-station, 40x42 um on the P-screen 15x26 pm-on PMMA

Through-aiwavesfrontsensorweswentrartherinitheioptimization-of-the mirror shape.
Focalispotireconstructediviarsoitware EWHNME=5x8tm

From the comparison between simulations and measures we conclude that the focal
spotin a‘EEL can-new be predicted: by -using the Fresnel diffraction method.

15
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